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ABSTRACT 
 
The grant application to the Department of Energy had summarised the basis for the 
application as follows:- 
 
The firmness of the financial commitment to the project covered by this application can be gauged by the Australian 
Technology Park Sydney Ltd (ATP) in Sydney, Australia having ordered and installed the first fuel cell in the 
Southern Hemisphere. The fuel cell was ordered on 11/04/1997 and commenced commercial operation on 11/03/1998 
and therefore qualifies under the amended Grant conditions.  
 
The fuel cell is to supply electricity and heat to their National Innovation Centre and to other buildings under 
construction. These buildings include a Hotel and a Bio-medical Centre. The project is backed by a consortium including 
the ATP, AUSTA Energy, AGL Retail Energy, Integral Energy, North Power and the Sustainable Energy 
Development Authority of the Government of NSW (SEDA). 
 
The ATP has taken the leadership position in the application of fuel cells in Australia. The solutions and applications 
which emerge from the use of the fuel cell installation at the ATP over the next few years will have replication potential 
throughout Australia.  
 
An integral component of the ATP’s mission is the education and training of both the present and next generation of 
Australian’s emerging technologists.  
 
The ATP intends to be the most energy efficient Technology Park and when fully developed will have a maximum 
demand exceeding 12 MVA.  
 
The ATP therefore represents a unique site within Australia  for trialing, demonstrating and awareness raising of new 
and emerging technologies, products and services. 
 
Since the summary was prepared the fuel cell Consortium has been expanded to include 
NorthPower of New Zealand and in addition discussions have been held with a number of 
other supply authorities within Australia and overseas on either joining the fuel cell 
Consortium or in the case of Urban Energy from Western Australia and the Queensland 
Department of Energy to replicate the ATP situation. These discussions remain active. In the 
case of the Western Australian Department of Transport discussions are centred on the 
placing of orders for three (3) “fuel cell powered buses”. It appears that this fuel cell 
requirement will be met with an order for Mercedes Benz buses as their Government holds an 
existing contract commitments with that Organisation.  
 
The ATP project has generated much publicity for both fuel cells and for the United States. 
 
Since late 1998 a fuel cell of 200kW capacity has been supplying power to installations at the 
Australian Technology Park.  The 200 kW fuel cell package is an International Fuel Cell 
(ONSI) phosphoric acid PC25™ power plant and includes electric grid connection as well as 
grid independent capability for supplying dedicated critical energy loads.   
 
The installation of the fuel cell at the Australian Technology Park has proven and 
demonstrated to the people of Australia the viability of fuel cell technology as a reliable 
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premium energy source. The project has generated knowledge that has direct application to 
the US fuel cell manufacturer that should lead to a further increase in the technology’s 
reliability and hopefully more sales by them to the southern hemisphere. 
 
Australia is well placed to assess, and to benefit from, dispersed generation and the use of fuel 
cell technology as costs of fuel cell manufacture fall and with a strengthening of the 
Australian dollar. The Australian Electricity grids are typically characterized by long radial 
distribution lines. Such systems are particularly good candidates for dispersed fuel cell 
generation and provide equally interesting opportunities to assess the performance of fuel 
cells in actual grid-sensitive dispersed generation. Moreover, these same attributes combine 
with the ability to defer costly transmission line upgrades to remote loads and to supply 
tailored power to growth pockets having special power quality or reliability needs. Australia 
also has major reserves of natural gas as well as a major gas distribution network that can 
facilitate the introduction of fuel cells into remote communities.  
 
This report details the experience gained from 16800 hours of operation of the fuel cell power 
plant (700 days). The fuel cell commenced operation on the 4th November 1998. The report 
includes experience up to the 15th July 2001 when the 700 days of operation was reached.  
 
It was intended for the fuel cell’s thermal capacity to be utilized by a hotel planned for 
construction at the Australian Technology Park. Unfortunately the Hotel developer has not 
installed the hotel as planned. It is intended to utilize the waste thermal output as soon as a 
viable utilization project is available with the continuing development of the ATP. 



 5

700 Hours of Operation for a Fuel Cell  
Installation at the  

 
Australian Technology Park  

 
 

 TABLE OF CONTENTS 
 
 

Abstract 
 
1. Executive Summary 
 
2. Introduction to the Australian Technology Park (ATP). 

1.1 ATP Background 
1.2 Creating a World Class Technology Park 
1.3 The Eveleigh Site (Home of the ATP) 
1.4 Land Characteristics 
1.5 Integrated Research Strengths 
1.6 ATP Tenants 
 

3. Australian Energy Usage. 
  
 
4. Dispersed (Distributed) and Premium Power Generation. 

4.1 Fuel Cell History. 
4.2 The Phosphoric Acid (PAFC IFC PC 25) Fuel Cell. 
4.3 Distributed Generation and the IFC PC25 Model C Fuel 

Cell. 
 
5. Installation. 
 
6. Results and Discussion. 

 
6.1 General 
6.2 Mean Time Between Forced Shutdown. 
6.3   Cost Benefit 

6.3.1 Project Financial basis 
6.3.2  Installation Costs. 
6.3.3  Energy costs. 
6.3.4  Thermal output (Wasted resource). 



 6

6.4   Reliability 
 

7. Conclusions. 
 

8. Acknowledgments  
 
Appendices 
 
1. The ATP 
2. ATP Entry Criteria 
3. Imperial to Metric Conversion 
4. Fuel Cell Installation 
5. Metrology Data 
6. US $ to Australian $ Conversion Rates  
7. Fuel Cell Australian Certification 
8. Australian Gas Composition 
9. ATP Electrical System 
10. Fuel Cell Operational Data 

• Demonstration of Fuel Cell Grid Peak Lopping 
• Demonstration of Energy Output for Fuel Cell 
• Efficiency of the Fuel Cell during Operation 
• Decay in Fuel Cell Stack Voltages 
• Corrosion of Fuel Cell Housing 

11. Publicity 
• Recognition of Project & Consortium Recognition 
• ONSI (IFC) Testimonies on Project 
• Recognition Documents (Sample) 

a. AGA Research Paper No. 11 
b. Cogeneration Conference Queensland September 17-18 

1998 
c. Integral Energy (Sponsor) Publication 
d. NorthPower (Sponsor) Publication 
e. The Australian (Newspaper) July 14 1998 
f. Business NSW (Newspaper) November 5 1999 
g. The Australian Gas Journal (article) April 1999 
h. ATP News Net (staff paper) August 1998 
i. (AGL Sponsor) Energy Topics Summer Edition 1998 
j. ATM Ascent Technology Magazine June 1999 
k. Civil Engineer Australia February 1999 
l. I.E Aust. – IEE Vic Meeting July 14 1999 
m. Paper AGA Conference October 19 1999 
n. ATM Ascent Technology Magazine November 1997 



 7

o. Integral Energy (Sponsor) Staff paper 
p. EEA New Zealand Annual Conference June 15-16 2001 
q. Mining Conference April 10-12 2000 (presentation) 

12. Demonstration of Fuel Cell Under Extreme Weather (Hail) 
Conditions 

13. Fuel Cell Critical Load Areas 
14. Proposed Hotel (not constructed) – disposal of waste heat. 
15. Australian Greenhouse Gas Emissions 1996 
16. Energy in NSW 1999 
17. Electricity Australia 2001 
18. ABARE Australian Energy Outlook to 2019/2020 



 8

1. Executive Summary. 
  
The fuel cell installed at the Australian Technology Park (ATP) with the assistance of a 
consortium of organisations from the Electricity Supply Industry (ESI.) provided valuable 
knowledge that will enable these and other organisations in the Pacific rim of the Southern 
Hemisphere. The fuel cell has not only performed in accordance with the manufacturer’s 
specification but also in a consistently reliable manner. 
 
The fuel cell in 700 days of operation delivered 2713.938 MWHrs of electricity at an overall 
efficiency of 40.03% with an availability factor of 95.72% after the elimination of time when 
the fuel cell was unavailable for service for reasons other than failure issues. These include 
issues such as upgrading of associated plant, undue delays by Customs etc. The fuel cell had 
an average time between forced shutdowns of 1658 hours over the whole 700 days of 
operation. All this performance data concurred with either the manufacturer’s specification or 
with similar experience obtained with the US DOD fleet. 
 
The fuel cell was installed on the roof of an Annexe constructed to house the Locomotive 
Workshop building’s natural gas fuelled boilers for the refurbished Locomotive Workshop’s 
airconditioning heating gas supplied equipment. The Annexe was within 15 feet (5metres) of 
an Annexe constructed to house one of the building’s electrical substations as well as the 
building’s electricity supply switchroom. The proposed hotel was to be installed across the 
access road to the Annexe and since the footpaths were landscaped a water supply had been 
installed near the Annexe for the areas watering. Hence within a matter of feet were all the 
supply connections necessary for the packaged fuel cell unit. 
 
Since the fuel cell was the first to be installed within Australia its connection to the national 
grids of both gas and electricity had to be obtained. The approval of connection to the 
electrical grid presented “no problem”, this was primarily because the project director had 
worked within the industry and for the grid owner for more than 34 years prior to 
commencing the project for the ATP. The grid owner took the view that the fuel cell was to 
be normally operated in the “grid independent” mode. The fuel cell purchased was equipped 
with the facility to operate as either grid connected or grid independent. The grid owner was 
advised that the intention was to supply critical energy loads and that except when the fuel 
cell was under test it would be operated in the grid independent mode. The fuel cell continues 
to be “under test”. During the commissioning trials it was necessary to have the local grid 
voltage level reduced. The fuel cell is designed to operate on a 400 volts three phase 50 Hertz 
grid. The Australian grid is normally a 415 +6%/-4% volts three phase 50 Hertz grid. The 
ATP system is supplied directly from a substation on site and at the time of commissioning it 
was operating at 435 volts plus. Control circuit fuses were ruptured as a result of the 
excessive voltage levels. 
 
The connection of the fuel cell to the ATP gas supply proved initially to be a major hurdle to 
overcome; this was despite the local gas supplier being a financial contributor to the project. 
The fuel cell was finally certified for connection to the system but not before the fuel cell gas 
valve train had been redesigned and duplicate shut off valves installed. After a years 
successful operation full certification was granted. The Australian certified valves were 
manufactured by the same manufacturer as the IFC installed valves. These valves had a 
higher control pressure and an electrical closing energy requirement three times that of the 
original valves. Relays were installed to control the duplicate valve system.  
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2. Introduction to the Australian Technology Park. 
 
2.1 ATP Background 
 
At the time of placing an order for the fuel cell the Australian Technology Park had been 
listed as one of the top 6 projects for the remainder of the decade i.e. to the end of the 20th 
century in the Australian state of NSW. It was chosen as the site for showcasing emerging 
energy related technology for the 2000 Olympics. 
 
The ATP continues to be the most energy efficient Technology Park and when fully 
developed will have a maximum demand exceeding 14 MVA.  
 
The mission of the Australian Technology Park is to:- 
 
• provide international standard research and development facilities to link the resources and 

skills of three major Universities with the industrial objectives of private companies and 
government instrumentalities; 

• provide a discrete physical location and advanced infrastructure, together with access to 
the latest applied research in the Universities and encouragement of innovative 
technologies to assist the development of novel high-value-added products and new 
industries; 

• broaden access to research findings and technological opportunities; 
• facilitate technology transfer between research institutions and industry; 
• provide incubator facilities for the early stages of commercialisation of new technologies; 
• encourage synergy among researchers, designers, entrepreneurs and manufacturers; 
• through these activities to contribute to the long-term economic and social interests of the 

community in accord with the strategic priorities of the city, the state and the nation.  
 
2.2 Creating a World Class Technology Park 
 
The vision to link the three Sydney based Universities i.e. the University of Sydney with the 
University of New South Wales and the University of Technology, was considered to be 
strategic in the creation of a world class technology park.  
 
The creation of a world class technology park could address a number of structural problems 
facing Australia.  These problems included the :- 
 
• loss of technology overseas;  
• loss of researchers overseas; 
• shortage of students entering science and engineering; 
• shortage of skilled labour force to take technologies to product; 
• duplication and triplication of research effort. 
 
The ATP and other similar Technology projects world wide are therefore not just “another 
development” project but are of National Significance for the strategic viability of a nation. 
They will:-  
 
• reduce substantially the loss of a nation’s best technologies; 
• reduce the nations brain drain; 
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• encourage researchers working overseas to return home with their “value added brains”; 
• enthuse students into science and engineering; 
• provide for a highly trained work force capable of taking the best technologies through to 

production; 
• reduce the duplication and triplication of research effort; 
• provide significance funding to Universities at a time when funding is being systematically 

cut; 
• provide significantly more job opportunities for students through growth in the technology 

sectors; 
• ensure the development of the superior technologies more economically and quickly; 
• provide for and assist with the showcasing of the world’s best technologies; 
• create urban renewal by the area having life and vitality again. 
 
The role of the ATP is therefore to establish and manage the Technology Park. It must create 
a synergistic environment to foster research and develop functions, link researchers, business 
with industry and government as well as to provide vital accommodation for research and new 
technology based ventures. This must also include access to the “the world’s best 
technologies”. 
 
2.3 The Eveleigh Site (Home of the ATP). 
 
Land formerly utilised as the Eveleigh Workshops of the New South Wales State Rail 
Authority (SRA) was chosen as the site for the ATP. The 14 hectare site comprised a range of 
derelict buildings together with three more significant and yet rundown heritage buildings 
which were ultimately to become key components in the development of the ATP. The land 
had been used by the SRA from the turn of the century for the manufacture and refurbishment 
of steam locomotives. Steam was the last “great technological era and therefore the site that 
developed the technology for Australia was a great site from which to launch and showcase 
the next great technologies for and to Australia.  
 
The land had fallen into disuse with the closure of the SRA Workshops and was subsequently 
used briefly to house Sydney’s “Paddy’s Fruit Market whilst that site was being redeveloped. 
It also contained a small “Black Smith’s” business in the corner of the old Locomotive 
Workshop. Apart from the Black Smith the site was derelict and home to drug addicts. On the 
surface an area most unsuited for the home of the Australian Technology Park and the 
showcasing of technology. 
 
2.4 Land Characteristics.  
 
The 14 hectares of land secured from the State Government for the establishment of the 
Australian Technology Park is both significant in size and location. It is relatively close to the 
three Sydney participating universities and to the Sydney Institute of Technical And Further 
Education (TAFE). Other key characteristics of the land include its proximity to the Sydney 
Central Business District, only 8 minutes drive, and to Sydney’s airport, 12 minutes drive and 
it has direct access to Redfern Station. Redfern is the only station in the NSW rail network 
through which all routes pass and at which all passenger trains stop. 
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2.5 Integrated Research Strengths 
 
What sets the ATP apart from other technology parks in Australia, and why it became 
recognised as the Premier Technology Park in the Asia Pacific Region is the integrated 
research capability of the participating universities. Approximately 26% of all Australian 

Government research grants for 
Australia are shared between these 
three universities. Since the 
commencement of operation of the fuel 
cell the Australian national University 
has also joined the ATP. 
 
2.6 ATP Tenants 
 
The success of the ATP can be assessed 
from the demand for space. This 
demand is not created from a chronic 
shortage of office space in the nearby 
Sydney central business district (CBD). 

In fact currently, there is a surplus of space available in the CBD for renting. The demand is 
despite the strict entry criteria for tenancy space at the ATP. This entry criteria is included in 
the Appendices.  
   
The ATP therefore is a unique site for the trialing, demonstrating and awareness raising of 
new and emerging technologies, products and services. With the strong emphasis at the ATP 
for ongoing education and training to support the emergence and development of a highly 
developed skills base through access to public sector research organisations and interaction 
with both industry and the supporting universities. The mission of the ATP shows that it is the 
ideal location from which to disseminate from one enterprise and from one industry to another 
the experience gained from this emerging fuel cell technology and that it is an appropriate 
technology for Australia. 
 
3 Australian Energy Usage.  
 
Australia’s demand for Electricity continues to grow and at the same time the power 
generation equipment used to meet both the current demand as well as the increasing demand 
is facing increasing global constraints on environmental impact. In Australia demand for 
Energy is such that Australia is considered to be one of the largest per capita contributors to 
“greenhouse gas emissions. Organisations are increasingly looking at ways to co-generate on 
site via natural gas as a means to reduce energy costs and greenhouse gas emissions.  
Therefore the issues associated with embedded or distributed Generation to be fully identified 
and overcome and the knowledge deployed. 
 
Today’s world requires unprecedented amounts of electricity for utilities supplying power for 
commercial, industrial and residential uses. It is essential to our prosperity and pervades every 
aspect our lives and manufacturing processes. It impacts on every aspect of commerce, 
industry, transport, domestic living and recreation. It is essential to our economic prosperity, 
international competitiveness and our standard of living but for the future of the environment 
these energy requirements must be produced by the most environmentally responsible 
technology. No nation of the world is contemplating meeting their needs without some use of 
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fossil fuels. It is therefore essential that the most efficient and environmentally responsible 
technology is used for the generation of energy from these fossil fuels.  
 
Australia is a relatively small producer of greenhouse gases as it accounts for only 1.4% of 
the global emissions. However on a per capita basis it is ranked third behind in the OECD and 
must do “it’s part” for the environment. 
 
In the Appendices (15-18) are details of Greenhouse gas emissions and their technology 
source for 1996 as well as current and projections through to 2019/2020 on Australia’s energy 
requirements.  
 
Since the ATP seeks to be both at the “leading edge” and be energy efficient and 
environmentally responsible a fuel cell installation was considered desirable. Fuel cells were 
considered to be the best emerging technology meeting the criteria. The installation would 
also assist industry and commerce to evaluate the technology as an appropriate technology to 
enhance their productivity and competitiveness globally. By the installation organisations 
have had the opportunity to observe and discuss the operation of this leading edge US 
technology without the need to go overseas where almost 200 similar IFC/ONSI PC25CTM 
fuel cells were in operation. 
 
4 Dispersed (Distributed) and Premium Power Generation 
 
Distributed generation (DG) refers to small-scale generation at or near to the consumer’s 
premises. Because DG can reduce the need for investment in transmission and distribution 
networks it and, to some extent, it competes with network owners and their supplies from 
large generators as such it is viewed as a threat a “disruptive technology”. Some of these 
DG’s either use natural gas or a renewable energy source as their primary energy for the 
generation of electricity. They can therefore have significant environmental benefits in terms 
of climate change emissions.   
 
Hence DG by fuel cells can offer the benefits of reduced transmission and distribution costs 
by deferring the need for capital expenditure on distribution system equipment and also 
minimizing the costs of upgrading or reconditioning power lines. These benefits can be 
expanded by cogeneration (concurrent production of electric and thermal energy) at new or 
existing customers. Examples where this would be easily applied with fuel cells include 
airport traffic management centres, hospitals, hotels, large data or telephone service centres, 
and the like.  In such applications power supply reliability and quality are often critical to the 
operation of the facility as well. In the case of the ATP the cogeneration capeability of the 
fuel cell had been intended to be utilised by a proposed hotel. The hotel was to be 
commissioned prior to March 2000, i.e. in time for the Sydney Olympics. The Hotel 
developer failed to build the hotel and as such at the present time the thermal capacity of the 
fuel cell is not being utilised. It remains on the project agenda.  
 
4.1 Fuel Cell History 
 
Fuel Cells represent the principal next generation source of mass energy production due to 
their combined thermal and electrical efficiency of over 80%, flexibility of application 
(automobile to utility size power generation), suitability for the burgeoning area of distributed 
generation, captive power generation for the chemical process industry, and exceptional 
environmental responsibility in the use of fossil fuels. 
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Fuel Cells are electrochemical devices that convert the chemical energy of reaction directly 
into electrical energy. They have been known in concept for more than 150 years and are 
posed to make significant contributions to power generation.  
 
From a practical point of view, a fuel cell is much like a battery with one important 
difference.  A battery is essentially a chemical energy conversion device with a fixed amount 
of fuel that runs down when the chemical energy stored in it, either during manufacture or 
from charging, is consumed.  In contrast, a fuel cell has its chemical energy externally 
replenished and, thus, will continue to generate power as long as fuel continues to be 
supplied. 
 
Sir William Grove is widely attributed to be the father of the fuel cell. His insights were 
gained from experiments in 1839 into the electrolysis of water. He reasoned that it should be 
possible to reverse the process and generate electricity by reacting hydrogen with oxygen. 
 
 The term “fuel cell” was coined in 1889 when Ludwig Mond and Charles Langer attempted 
to build the first practical device using air and industrial coal gas.  Attempts in the earlier 20th 
century to build fuel cells that could convert coal or carbon directly to electricity continued to 
fail because of a lack of understanding of materials and electrode kinetics. The internal 
combustion engine had also recently been developed. It’s theoretical basis was better 
understood.  Petroleum had been discovered and so the internal combustion petrol engine was 
rapidly exploited. Electric vehicles and other electrode chemical approaches to energy 
production were quickly forgotten.   
 
To put all this into perspective, Volta had invented the first electric battery in the year 1800 
and Ohms Law had been developed in 1826. The lead acid storage battery was not developed 
until 1860 and transformers in 1883, the steam turbine in 1884 and the induction motor 
in1888 as such fuel cells were envisioned at the very dawn of electrical knowledge.  
 
The first successful fuel cell device resulted from an invention in 1932 by Francis Bacon. He 
improved on the expensive platinum catalysts used by Mond & Langer with a hydrogen cell 
which used a less corrosive alkaline electrolyte and used inexpensive nickel electrodes. The 
challenge was daunting such that a quarter of a century passed before Bacon and his co-
workers were able to demonstrate, in 1959, a 5 kW system capable of powering a welding 
machine. It was in the same year too that Harry Karl Ihrig of Allis-Chalmers demonstrated a 
20 horse power fuel cell powered tractor.     
 
It was the American space exploration missions however that saw a need for a new energy 
source and this brought about a major focus into fuel cell technology development. Fuel cells 
occupied a key role due to their high energy density and because their by-product water was 
needed for drinking water and to cool spacecraft electronic equipment. Yet even after 
developing it for space bringing the technology for use on earth also proved to be a difficult 
proposition. It has taken over 30 years and more than two billion dollars of research to date 
and now we are just approaching the commercialisation of fuel cell technology.  
 
A variety of fuel cells are in the various stages of development. Fuel cells are usually 
classified by the type of electrolyte used in the cells. They include the proton exchange 
membrane fuel cell (or PEM), the alkaline fuel cell (or AFC), the phosphoric acid fuel cell (or 
PAFC), the molten carbonate fuel cell (or MCFC) and the solid oxide fuel cell (or SOFC). I 
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have listed these fuel cells in their approximate order of operating temperature i.e. from about 
80oC for the PEM. cell, 100oC for the AFC, 200oC for the PAFC, 650oC for the MCFC and 
over 700oC for the SOFC. Early SOFC units operated at 1000oC and following recent 
attempts to reduce this temperature so as to minimise the thermal stresses within the cell, this 
maximum temperature has been reduced to between 700 and 800oC.  
 
Of all of the fuel cells being developed, apart from the PAFC fuel cell only small 
experimental research based cells have been developed. The PAFC from the ONSI 
Corporation in America is considered commercial and is the one in operation at the Australian 
Technology Park. 
 
4.2 The Phosphoric Acid (PAFC IFC PC25) Fuel Cell 
 
Phosphoric acid fuel cells have been in continuous development since the mid-1960’s 
incorporating substantial governmental and private industry funding.  The major technology 
developer being United Technologies subsidiary company International Fuel Cells. 
Commercial production of the 200 kW phosphoric acid fuel cell began several years ago with 
the release of the ONSI PC25 Model A which was followed by the Model B. As far as the 
manufacturer is concerned the release of the Model C commenced true commercialisation of 
the product. The “25” essentially represents the twenty-fifth design of a series that begin in 
the 1970’s. with the Model A, the alpha release, followed by the Model B, the beta release.   
 
The PC25 Model C, the 200 kW phosphoric acid fuel cell delivered by International Fuel 
Cells under it’s subsidiary ONSI is the technology covered by this report. The unit is a 
completely automatic commercial power plant designed for unattended outdoor operation 
weighing 40,000 pound (18,140 Kg), in a beige container like box 18 feet long x 10 feet wide 
x 10 feet high (5.5 m x 3.0 m x 3.0 m) as shown in the Appendices. 
 
Unlike a battery, fuel is continuously supplied by a Fuel Processor to the cell’s negative 
electrode or anode.  Concurrently, oxidant, which is oxygen from ambient air, is continuously 
supplied to the cathode or positive electrode.  Like a battery, a fuel cell consists of two 
conductive plates separated by an insulating barrier containing an electrolyte. The reaction of 
hydrogen at the fuel anode is: 

   
  
  

   
 
and for the oxygen at the cathode i.e. the air side: 

 
  

 
 
Since the electrolyte is an electrical insulator, the electrons are forced to travel via an external 
circuit and thereby produce a flow a flow of electrons. When sufficient electrons flow this 
results in electrical power. The hydrogen ions travel through the ionically conducting 
electrolyte to recombine with the electrons and oxygen to produce water vapor. 
 
To an adequate and efficient reaction, a highly dispersed platinum catalyst is added to the 
anode and cathode adjacent to the electrolyte.  In the phosphoric acid fuel cell, this is a paper-

H2
 
 2H+ + 2e- 

½ O2 +2H+ + 2e-  
 H2O 



 15

like material imprinted with a platinum/Teflon™ based “ink” ( a carbon platinum catalyst).  
The electrolyte is a 100 percent solution of phosphoric acid (H3PO4) dispersed within a 
porous silicon carbide layer.  Phosphoric acid is considered a relatively mild acid from a 
chemical viewpoint and is contained within the cell. 
 
Like a battery, the output voltage produced by a fuel cell decreases as more current flow is 
drawn by the circuit.  Thus, higher current flows result in lower voltage.  Typical operating 
conditions in a phosphoric acid cell are 210 amps per square foot (225 mA/cm2) yielding 
around 0.60 volts per cell.  In contrast, at an 80 percent reduction in current density the cell 
potential would increase to around 0.70 volts.  These cells are stacked in series to provide the 
total voltage delivered by the cell stack. Over time the cell output voltage decays and this is 
one of the critical factors in determining the life of the fuel cell stack. The graph of the decay 
in the ATP fuel cell total stack voltage output is shown on the following page. During the 700 
days of operation of the ATP fuel cell the voltage output decayed from 166.8 volts to 158.46 
volts. A reduction of 6.2% in almost 17000 hours operation. This compares favourably with 
the reported decay data from the US DOD fleet and reported to the 2000 Fuel Cell Portland 
Seminar. These units had decayed 7% after 10,000 hours operation for Model A&B units and 
5% for models similar to the ATP unit i.e. Model “C” units. 
 
Cell voltage is also a composite result of a number of other technical and practical factors.  
These include:   the amount of catalyst loading, temperature, pressure, reactant concentration, 
and the age of the cell.  The latter arises from changes in the catalyst’s physical composition 
or even by poisoning of reactive catalyst sites by contaminants.   
 
The POWER SECTION of a practical fuel cell needs to generate electric power at reasonable 
voltage and current outputs.  In the ATP fuel cell the production of 200KW output delivered 

from the fuel cell stack at 
about 1400 amps and 155 
volts DC requires an assembly 
of 256 cells with a cell area on 
the order of 5.5 square feet 
(0.5 m2).  This fuel cell stack 
is a package of approximately 
36 inches (0.9 m) square and 
9.5 feet (2.9 m) tall. 
 
The adjacent photo on the far 
left shows an early model cell 
stack cell with two new cell 
stacks ready for installation in 
a new power plant. The cell 
stack on the immediate left is 
a cell stack under test and 

prior to being thermally insulated. 
 
Since the phosphoric acid cell stack operates at 350°F (177°C), a high purity circulating water 
loop within the power plant provides a means: to heat the unit to operating temperature during 
startup, to extract heat during operation, and to cool the stack at shutdown.  Cell stack thermal 
management is provided by end cooler plates and intermediate separator coolers that are part 
of this circulating water loop.  A typical power plant converts about 40 percent of the fuel’s 
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lower heating value to electricity and can supply about 40 percent of the balance as 
recoverable thermal energy for combined-heat-power customer use. 
 
The phosphoric acid fuel cell uses gaseous hydrogen as the reactant. The fuel is produced by a 
fuel processor that is a steam gas reformer which converts natural gas or other hydrogen 
concentrated fuel gas into a hydrogen rich fuel for the cell stack and in the process vents off 
the carbon content of the fuel as carbon dioxide. The process reacts steam and fuel, such as 
natural gas, within a supported nickel catalyst bed, to remove any sulphur, at 1650°F (900°C) 
to reduce the fuel to hydrogen and carbon dioxide.  This reaction is: 
 
CH4 (methane)    + H2O  3H2  +  CO Process requires heat 
CO                      + H2O  H2    +  CO2 Process provides heat 
CH4 (methane)    + H2O  4H2  +  CO2 Net heat requirement.  
 
This reaction requires heat to warm the feedstock to reaction temperatures and to supply the 
net endothermic reaction.  Spent unused hydrogen fuel that has not been utilised within the 
fuel cell stack is burnt within the reformer assembly to produce the superheated steam for the 
process.   
 
The water for the steam to react with the natural gas is generated by the cell stack’s heating of 
recovered condensed water from the fuel cell.  More water vapor is available than is needed 
for the reforming process and this is returned to the cell stack cooling system. 
 
A fuel cell stack produces unregulated, variable potential direct current due to its battery-like 
characteristic of lower voltage at higher current draws or as the cell stack catalyst ages and 
electrolyte is removed from the system. Variable DC input from the cell stack is converted 
into a stabilised AC voltage of premium quality, voltage, frequency, and phasing for the 
customer and/or for supply to the grid. The power plant must operate smoothly during load 
transitions in the site’s electrical network or the grid network. 
 
The IFC PC25TM  Model C fuel cell power plant is a self contained unit that is capable of 
fully automatic operation and of maintaining an appropriate grid/customer interface under all 
normal conditions.  
 
4.3 Distributed Generation and the IFC PC25 Model C Fuel Cell. 
 
Historically, small-sized conventional engine generators have not been able to deliver the 
efficiencies, availability potential, and reduced maintenance characteristics necessary to make 
dispersed generation a serious option. However, the inherent benefits of electrochemical 
energy conversion now make fuel cells a potentially viable option for dispersed generation.  
This is due to the fuel cell’s: 

• reduced emissions,  
• relatively high efficiency in the sub-megawatt size range,  
• low noise and vibration levels, 
• potential for longer times between scheduled and unscheduled shutdown 

maintenance than engine driven systems, and 
• ability to perform scheduled quarterly maintenance while the power 

plant is operating.   
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The result of these attributes, is such that the PC25TM Model C 200 kW fuel cell power plant, 
is now a proven technology for this important sector of the market and with the use of 
multiple units both the reliability and available load capability that can be supplied is 
increased. 
 
The IFC/Onsi PC25phosphoric acid fuel cell converts about 40 percent of the fuel input, on a 
lower heating value basis, into electric energy.  An additional 40 plus percent of thermal 
energy is available as 65OC hot water.  Examples of potential cogeneration applications 
include using the fuel cell technology to supply some or all of the needs of a hospital, nursing 
home, hotel, college, etc.  For many of these loads, power reliability and quality is also 
becoming increasingly important. 
 
For these reasons, dispersed generation locations at hospitals, computer centres, and the like 
are considered to be attractive market entry prospects for fuel cells.  One mode of this 
application would be as a premium power source where the fuel cell dispatches load in 
parallel with the grid during normal periods, and reverts to a grid independent supply for 
premium local customer loads during any grid disturbance. This is the installation 
arrangement at the ATP.  
 
DG, particularly in combination with the premium power quality benefits of fuel cells, is 
attracting increased utility industry and customer attention.  Electric cooperatives have a 
particular interest due to an inherently low customer density, growth patterns at the end of 
long lines, and a continued influx of consumers and high-tech industry seeking to diversify 
out of urban environments. 
 
The relatively small size and higher electric-to-thermal ratio of fuel cells, like the 
commercially available ONSI PC25 Model C™ phosphoric acid fuel cell power plant, also 
makes cogeneration a better match for the types of customers and dispersed generation loads. 
Further contributing factors are the fuel cell’s low emissions, minimal site noise and 
vibration, on-line quarterly maintenance, and the Model C’s potential for 95 percent 
availability and a 2000 hour mean time between forced outages.  Fuel cell ownership, 
installation, and service in cogeneration applications also represent potential opportunities for 
diversification revenues at the transmission or distribution levels, which are additive to the 
benefits of prospective cost deferrals of distribution and transmission construction costs due 
to dispersed generation. 
 
Of particular interest are “premium power” applications.  In this mode the power plant 
normally dispatches to the grid at a full 200 kW output.  However, if the grid experiences a 
problem, the fuel cell reconfigures itself to support a grid independent load.  This concept 
produces the most attractive set of fuel cell economics as the fuel cell capital cost is spread 
over the maximum power production since the power plant is operating at a full 200 kW 
output dispatch level most of the time while concurrently adding value by supporting a 
premium power grid independent load.  The existing Model C design requires about 3.5 
seconds to re-configure when switching modes from grid connect to supporting a premium 
power grid independent load in the case of a grid upset.   
 
At the Australian Technology Park the fuel cell installation utilizes an external closed 
operating transfer switch for reconnection to the grid in the event of a fuel cell interruption. 
The critical loads connected at the ATP both can handle the minor transfer re-configuring, in 
the case of the AC3 super computer installation a separate customer installed UPS overcomes 
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the transfer and in the case of JJR it is not an issue. AC3 require the UPS in any case for 
periods when the fuel cell is offline and the super computer is supplied from the back-up 
national grid supply.     
 
The power plant’s built-in grid interconnect protocols worked well at the Australian 
Technology Park site. In the Appendices is a report of the loss of the Sydney Grid system on 
12th October 1999. During this grid shutdown the critical customer supplied from the fuel cell 
did not lose supply. Since the fuel cell commenced operation on the 4th November 1998 and 
since the critical energy customers were connected to the fuel cell grid with the national grid 
as a back up to the fuel cell the critical customers have not lost supply on any occasion. 
 
5 Installation 
 
The installation of a fuel cell at the ATP since it was the first Australian installation required 
the installation to be designed to Australian acceptance requirements. No difficulties were 
experienced in obtaining approval for  it’s electrical connection as the local supply Authority 
after being supplied all design data gave permission for it to operate as a premium power 
source, except whilst under test and in an emergency situation. The fuel cell has normally 
operated in the grid connected mode and with the premium supply customers connected via 
the grid independent capability. The fuel cell system derived is considered to be under test 
and as such the fuel cell has operated normally connected to the grid. The electrical layout of 
supply at the ATP is included as Appendix 9. 
 
Australia had fully adopted the metric system in 1996 and as such from the very beginning 
one of the issues was conversion of all requirements for the installation to metric. Because a 
variety of units are used for the same requirement eg pounds per square inch, “inches of water 
or mercury” there was a need to constantly change units to Australian metric unit when 
working or placing orders. To assist this process and following the commissioning of the fuel 
cell ONSI provided a small program. Appendix 3 details conversion data used during the 
installation.   

 
The fuel cell was able to be located on 
the roof of an Annexe constructed to 
house the Locomotive Workshop 
building’s natural gas fuelled boilers 
for the airconditioning heating. The 
Annexe was within 15 feet (5metres) 
of another Annexe constructed to 
house one of the building’s electrical 
substations as well as one of the 
building’s that housed the electricity 
supply switchroom. Hence within a 
matter of feet were connections 
available to both the local grid and to a 
natural gas source. The roofs of both 

Annexes were used, one for the fuel cell and one for the fuel cell’s cooling module. The 
installation location is further detailed in the Appendixes. 
 
The connection of the fuel cell to the ATP gas supply was initially a major hurdle to 
overcome; this was despite the local gas supplier being a financial contributor to the project. 
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As indicated in Appendix 7 the fuel cell was finally certified for connection to the system but 
not before the fuel cell gas valve train was redesigned. Initially the IFC operator was stopped 
from coming to Australia until some guarantee was received from the gas supplier that gas for 
testing would be provided. The Gas supplier, who also was a project sponsor, required all 
control valves in the gas valve train to be Australian certified and duplicated. Concern was 
also raised on the control of valves by the fuel cell computer and initially the gas supplier 
required the valves to be “hot wired”. The Australian certified valves were manufactured by 
the same manufacturer as the IFC installed valves. They did however have a higher control 
pressure and their electrical closing load was three times that of the original valves. Relays 
were installed to control the duplicate valve system.  
 
The modified valve train is shown in the photo on the previous page. 
 
Following the alterations to the valve train approval was granted to start the fuel cell provided 
proof was provided that the system could handle a “stoichimetric” test of the system prior to a 
restart following a shutdown. Advice from IFC was that it was not possible to create a 
“Stoichimetric” condition and as such it was not possible to provide the proof sought. 
Following one year’s successful operation and the provision of all available information on 
international experience and acceptance testing the gas supplier certified the plant for ongoing 
operation.  
 
6. Results and Discussions 
 
6.1 General 
 
The Australian fuel cell operational experience has replicated closely that reported for the US 
DOD fleet at the fuel cell 2000 Seminar in Portland Oregon. The year following the fuel cell’s 
commissioning and even in the period after the installation of the fuel cell onto it’s 
foundations and leading up to the commissioning was a period of above average rainfall. The 
Appendices provide some Metrological data on Australia and of Sydney in particular. The 
following summarises the “ATP fuel cell Experience”:- 
 

• During the first year of operation a number of shutdowns were attributed to (i) failure 
of Inverter drive boards, (ii) failure of the Invertor current measuring devices 
(LEM’s), (iii) possible Master DSP or Slave DSP failures and (v) a failure of Fan 165. 
It was realised after several repeat failures in the current measuring LEMs where 
corrosion was also evident that all the failures were immediately below a section join 
in the roof. The joint gasket was easily removed and re-caulked, and in the almost 20 
months since the re-caulking no failures of these devices has occurred. The method of 
caulking initially used by IFC is considered to be inadequate for the hash Australian 
conditions. IFC were advised of this issue. 

 
• The fuel cell is a nominal 400/230volts 3phase 50Hz system whereas the current 

Australian system in a nominal 415/240volts 3phase 50Hz system. System voltage 
variations in the Australian system are expected to be maintained within a +6% /-4% 
limit. These limits are maintained by adjustment of fixed transformer taps at the local 
transformer and by automatic transformer tap changing by drop compensation at the 
“Zone transformer”. At the time of commissioning the local transformer was operating 
with an output level of 435volts and probably even higher in early hours of the 
morning. However in attempting to start the fuel cell the small control fuses  
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• As indicated earlier the fuel cell is located on the roof of the Annexe and is exposed to 

the southern winds blowing across from the “bay” about one (1) mile away and also to 
the hot afternoon “western” sun. The sun temperatures experienced during the 700 
days of operation tested the fuel cell’s ability to control the disposal of the waste heat. 
The fuel cell experienced days where the ambient temperature exceeded 105oF. The 
incoming gas supply temperature gives a good indication of the extreme temperature 
conditions faced by the fuel cell. When the day ambient temperature was 105oF the 
recorded temperature of the incoming gas was 120oF and the exit temperature of 
ventilation air from the fuel cell was almost 130oF. The fuel cell is designed for an 
upper ambient limit of 105oF. These high ambient temperatures lasted on each 
occasion for several hours were recorded every day for almost a week. Temperatures 
close to the extreme were recorded every day for almost three (3) weeks. The severity 
of the conditions is evident in the Appendix detailing the “bushfires in Sydney.  In 
addition to these extreme weather conditions and since the fuel cell commenced 
operation it has endured an unprecedented hail storm. Appendix 12 details the 
enormity of that storm. These conditions place an onerous burden on the fuel cell 
housing to “weather the condition” and this is an area that future fuel cells to Australia 
need to be better equipped to handle. Appendix 10 includes as part of the operational 
experience data photographs of rust that was evident in the fuel cell even during the 
first year of operation. The rust following treatment remains an ongoing issue. IFC 
have been advised of this issue.    

 
• During the early months of operation several “hot shutdowns” were experienced i.e. 

shutdowns where the cell stack and system were cooled in an “uncontrolled” manner. 
IFC considered that these were caused by the coolant pump controller becoming 
unstable due to sags in the grid system. The fuel cell has recorded monthly one or two 
occurrences where either a greater than 5% unbalance or a +10% or a -20% in the 
nominal grid voltage has been encountered. IFC immediately provided a new pump 
controller at no cost to overcome the issue. There has been no further problem. 

 
• Service by IFC has been above that normally expected of suppliers. IFC staff have 

always been available for assistance, if and when required. Two examples of many are 
worth mentioning:- 

 
• As the ATP fuel cell was the first unit to experience the Y2K issue a call 

was received from Gary Cingel of IFC about eight hours prior to the turn of 
the century to advise “I am available if you require me tonight”. 

• At time of a shutdown due to a smoke detector alarm, I was on my way to 
attend to the shutdown, a ¾ hour journey, and received a call from Gary 
Cingel offering assistance. On my arrival at the ATP I returned the call and 
found that the call was from Alaska, where he was working at the time. 

 
• During the 700 days of service the ATP fuel cell delivered 2713.938 MWHrs of 

electricity at an overall efficiency of 40.03% with an availability factor of 95.72% 
after the elimination of time when the fuel cell was unavailable for service for reasons 
other than failure issues. These include issues such as upgrading of associated plant, 
undue delays by Customs etc. The fuel cell had an average time between forced 
shutdowns of 1658 hours over the whole 700 days of operation. All this performance 
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data concurred with either the manufacturer’s specification or with similar experience 
obtained with the US DOD fleet. 

 
• One issue that caused several shutdowns was the modem. Following a failure of the 

fuel cell modem and so loss of the remote monitoring capability by either myself or 
IFC a replacement modem was supplied and fitted. It was noted that the fuel cell 
shutdown almost as soon as the fuel cel was called up remotely. The fuel cell was 
restarted locally and the telephone line connection to the fuel cell disconnected so that 
the automatic daily monitoring by IFC would not shut the fuel cell down. Whilst IFC 
did not agree, initially, with the claim that the fuel cell was being shutdown by the 
new modem, they undertook testing of the current new modems and found that indeed 
the modem was triggering a shutdown. It is to their credit that they undertook testing 
when they had no other reports of a modem issue only my word that I believed that the 
modem was an issue. 

 
6.2 Mean Time Between Forced Shutdowns. 
 
It has been reported earlier that during the 700 days of service the ATP fuel cell delivered 
2713.938 MWHrs of electricity at an overall efficiency of 40.03% with an availability factor 
of 95.72% after the elimination of time when the fuel cell was unavailable for service for 
reasons other than those associated with the plant failure. These include issues such as 
upgrading of associated plant, undue delays by Customs releasing replacement parts etc. The 
fuel cell had an average time between forced shutdowns of 1658 hours over the whole 700 
days of operation. All this performance data concurred with either the manufacturer’s 
specification or with similar experience obtained with the US DOD fleet. 
 
 
6.3 Cost Benefit 
 
The benefit of the fuel cell to the Australian Technology Park was more than just the cost to 
produce electricity and utilisation of waste heat. The cost benefit was primarily the 
opportunity to showcase a leading edge viable technology to the “pacific rim” nations, 
Australia in particular. However it is nevertheless important to consider the actual costs of the 
project in this demonstration. Another project benefit was the reduction in greenhouse gas 
emissions. It is estimated that more than 2000 tonnes of greenhouse gases has been eliminated 
from the environment. 
 
6.3.1 Project Financial Basis. 
 
The ATP formed a Consortium to finance the fuel cell. The Fuel Cell was principally financed 
by Australian Technology Park Sydney Ltd (following a restructuring of the ATP ownership 
the Australian Technology Park Precinct Management became the fuel cell owner) and the 
consortium provided funds on the basis of receiving a small dividend and regular reporting on 
the fuel cell’s performance. The consortium comprises AUSTA Energy of Queensland, the 
Principle Sponsor, AGL Retail Energy of Sydney, the Gold Sponsor, Integral Energy of 
Sydney, Powerco of New Zealand, the Silver Sponsors and North Power (now Country 
Energy) as a Sponsor. Cutler Hammer, Dow Coring, MM Cables provided assistance with 
equipment and the New South Wales Government Department SEDA provided a Aus$260,000 
(approx.$130,000) loan with a reduced interest rate, for some of the cost. Total Consortium 
funding received was Aus$650,000 (US$325,000 approx) of which $115,000 (US$62,500 
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approx) was for Contractor expenses, training and fuel cell operational costs as well as the 
raising of funds as well as the equipment contributions and that from the critical energy 
customers and the funds from the grant. The project’s viability was due to the support of these 
Sponsoring Organisations and to the support of the US Department of Energy who contributed 
US$200,000 (approx. Aus$400,000) towards the project under their Climate Change support 
scheme.  
 
In addition to the above funds the organisations connecting to the fuel cell as requiring critical 
energy were required to make a contribution to the project based on their avoidance costs. These 
critical customers would have had to install and maintain an alternate backup energy source. 
Their level of contribution was set at 70% of their identified avoidance cost. A “win-win” 
situation. Since ATP agreed to reduce the %age levied to exclude the UPS equipment the actual 
funding received from this arrangement were Aus$140,000 (approx. US$70,000). 
 
The fuel cell installation as indicated earlier being sited on the roof of the two Annexes and 
adjacent to all services was a minimum cost installation. As the Locomotive Workshop was 
being refurbished concurrently at the time of the installation and contracts had been placed for 
the installation and testing of the airconditioning boilers and therefore the exhaust flue stacks 
they were installed and then repositioned even though their final location was known prior to 
their initial positioning. The costs of their repositioning have therefore been excluded from the 
installation costs. Additional costs were also avoided by the Sponsorship of the project by MM 
Cables (now Pirelli Cables) and Cutler Hammer. These companies supplied equipment towards 
the project. Value of their contribution was approximately Aus$60,000 (approx.US$30,000.) 
 
Hence funding received from all sources, excluding the loan totalled approx. Aus$990,000 
(US$445,000) and the loan was valued at Aus$260,000 (US$130,000) which funded the shortfall 
costs by ATP. 
 
6.3.2 Installation Costs. 
 
Cost of the fuel cell to the ATP      Aus$872,000 (US$627,500)  
Shipping costs.        Aus$41,000 (US$14,000) 
See note:- 1. 
 
The following costs were incurred in the installation:- 
 
• Steelwork for stairs and foundations  Aus$26,000 (US$13,000) 
• Plumbing costs     Aus$ 4,000 (US$2,000) 
• Modification to gas valve train   Aus$ 3,000 (US$1,500) 
• Electrical installation incl. Switchboard * Aus$38,000 (US$21,000) 
• Nitrogen installation    Aus$1,000 (US$500) 
• Crane hire     Aus$5,000 (US$2,500) 
• Misc. costs     Aus$5,000 (US$2,500) 
 
Total Project cost      Aus$995,000 (US$684,500) 
 
Note:- 
i)  Costs in US Dollars at an exchange rate of  1US$=0.5 cents AUS however when the fuel cell 
was ordered the Australian Dollar rate to the US Dollar was 72 cents and now at the time of 
writing this report the value is down to almost 50 cents to the US Dollar. Hence it is almost 
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impossible to give an exact project cost evaluation. The contract with ONSI for the fuel cell 
required a staged payment system. The cost therefore quoted as paid for the fuel cell has been 
quoted as the cost based on the rate of exchange at time of the order.  
    
ii) Above costs do not include supervision of the installation by the Project Director since this 
was covered by other duties and not separately invoiced. 
 
* Some costs incurred needlessly since it had been proposed to include a high temperature 
supper conductivity demonstration as part of the power supply. Following MM Cables joining 
with Pirelli Cables this demonstration was abandoned. 
 
6.3.3 Energy Costs. 
 
Funding shortfall for the installation was to be provided by the ATP. The shortfall was 
approximately Aus$140,000 (US$70,000) after allowance for funding supplied for other than 
towards the capital cost, this was paid from the low cost loan provided by SEDA. The balance 
of the loan was used to cover the shortfall prior to receipt of the US Grant and funding from 
the critical energy customers. 
 
During the 700days of operation the fuel cell produced 2,713,938 KWHrs of electrical energy 
and at the same time as a “bi-product” approximately the equivalent of 3,000,000 KWHrs of “hot 
water at 65oC. Electrical energy as well as natural gas for the fuel cell supply at the Australian 
Technology Park is purchased under contract. The average unit cost per KWHr for the electricity 
under the contract during the 700 operational days was 7.25 cents (US 3.6cents approx) per 
KWHr and if the energy had been supplied via a “General Supply Tariff the unit cost would have 
been 10.12 cents. Energy is sold to the critical energy customers at the local Supply Authority’s 
General Supply Tariff rate i.e 10.12 cents (US5.0cents). Hence the avoided cost for fuel cell 
produced energy was Aus $275,265 (say US$135,000). Since the waste heat energy could have 
been utilised to avoid the purchase of “off peak” electricity at 3 cents per KWHr the waste heat 
has been assigned a value equivalent to the “off peak” electricity rate i.e. Aus $90,000 
(US$45,000). Total value of energy delivered approx Aus$365,000 (US$180,000). 
 
The fuel cell was, as indicated supplied from natural gas. In the period under consideration a 
total of almost 700,000 cubic metres of gas were utilised i.e. 24,000 Gj (LHV) or 27,000Gj 
(HHV) at an average cost of Aus$5.2 (US$2.6) per Gj (HHV). Hence the cost of the gas utilised 
during the 700 days of operation was Aus$140,000 (US$70,000). 
 
Other costs are costs associated with maintaining the fuel cell in working order and these include 
scheduled maintenance, filters ,resins and charcoal used in the water treatment system replaced 
whilst the fuel cell is working, and labour during the annual maintenance as well as unscheduled 
parts failure. The estimated cost of the consumables and labour to install during the 700 days of 
operation has been costed at approx Aus$48,000 (US$24,000). 
 
Whilst cost for supervision of the project have been excluded as the officer responsible has 
carried out the duties in conjunction with other activities it would be appropriate to place a value 
on these costs. It is estimated that a value of Aus$40,000 (US$20,000) should be included. 
 
In summary 
   Installation shortfall (approx)   =Aus$130,000  (US$65,000) 
   Value of Energy Delivered = Aus$365,000 (US$180,000) 
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   Gas utilised  = (Aus$140,000) (US$70,000) 
   Maintenance etc Cost  = (Aus$48,000) (US$24,000)  
   Supervision etc. Cost = (Aus$40,000) (US$20,000)  
 
Hence based on the above if the waste heat had been utilised rather than wasted the project 
during the first 700 days of operation would have returned a dividend of Aus$122,000 
(US$61,000). As the waste heat (see below) was not utilised this dividend was not realised, but 
the fuel cell as a viable project cannot be held responsible for this. The Consortium members 
were to receive a 5% dividend on their contribution from the projects income, no dividend has 
been paid.   
    
6.3.4 Waste Energy Utilisation 
 
As indicated earlier the project did not utilise any waste heat. At the time of placing the order 
for the fuel cell an organisation had undertaken to install a Hotel adjacent to the fuel cell 
installation. This project was to fully utilise the waste hot water and they were to make a 
contribution towards the project’s cost.  As the hotel was not commenced in time to be used 
for the 2000 Olympics, the organisation cancelled the project. Details of the project are 
included in Appendix 14. The utilisation of the waste hot water remains outstanding, but as 
and when an opportunity presents itself it will be activated. 
  
 
6.4 Reliability 
 
During the 700 days of service the ATP fuel cell delivered 2713.938 MWHrs of electricity at 
an overall efficiency of 40.03% with an availability factor of 95.72% after the elimination of 
time when the fuel cell was unavailable for service for reasons other than failure issues 
associated with the fuel cell. Eliminated time includes time associated with the upgrading of 
associated plant system, undue delays by Customs processing the replacement parts etc. One 
issue that created significant downtime was one module board that was unavailable from IFC 
(ONSI) for more than 8 weeks. This module was associated with the Grid Connect/Grid 
Disconnect and was out of production at the IFC supplier. The testing of the replacement 
board required the manufacturers’ test rig to be “reset” for prior to release. This delay caused 
undue concern from the critical energy consumers. Fortunately ATP had installed a duplicate 
low voltage grid back up supply. As indicated in the “ATP system” diagrams there is a 
manual transfer facility between one grid and the fuel cell supply with an automatic transfer 
to a second grid if they both should fail. IFC did all possible to solve the issue, but the delay if 
it had been the “norm” for replacement parts would have created a “black eye” for the 
technology and for IFC in particular. However IFC were always very responsive to the supply 
of parts.  
 
The fuel cell had an average time between forced shutdowns of 1658 hours over the whole 
700 days of operation. All this performance data concurred with either the manufacturer’s 
specification or with similar experience obtained with the US DOD fleet. 
 
 
7. Conclusions 
 
The fuel cell installation at the ATP has demonstrated to Australia and the region that fuel 
cells are now a reliable commercial and viable energy source for premium power. The project 
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has demonstrated that the manufacturer’s claims of both reliability and efficiency are 
accurate. 
 
A major barrier to the further introduction of fuel cells to Australia has been the increase in 
the cost of fuel cells as well as the deterioration in the value of the Australian Dollar. A graph 
in the Appendices details the change. Despite the high costs indicated for fuel cell systems 
they are even now more cost effective than photovoltaic systems for the reduction of 
greenhouse gases in Australia. This is currently a basis to justify further sales of fuel cell 
technology until such times as mass production and other ways are found to establish a 
reduction in fuel cell technology costs or the critical nature of the supply requires a “battery” 
of fuel cells. 
 
The battery of fuel cells concept overcomes issues, mentioned above, associated with forced 
down time and maintenance generally. Many situations exist where the local critical loads are 
less than the capacity of a single 200 kW unit and therefore the reliability of the single unit 
becomes an issue. The ideal situation is where the load to be supplied approaches the full 
capacity of two units therefore with three units in the system all would operating normally at 
2/3 capacity and under emergency at full capacity. An examination of site data from IFC 
indicates that most sites operate with one unit and only a few with 2 or more units. It would 
appear to therefore be justified in reducing the IFC modular capacity to accommodate this 
scenario. Benefits of a reduced capacity would not only include the increased opportunity of 
more sites with multiple units but fuel cells at more sites with smaller critical load 
requirements. The current cooling module is considered sufficiently compact to be retained 
with it’s current level of cooling capacity. However since the unit has three fans it is 
considered that two units with two fans each could be substituted and interconnected to meet 
the firm (emergency) capacity of the composite interconnected three module fuel cell 
installation. 
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 PARK ENTRY CRITERIA 
 
 FOR THE AUSTRALIAN TECHNOLOGY PARK SYDNEY LIMITED 
 
 
The Park Entry Criteria is the entry requirements which must be complied with for 
organisations wishing to locate at the ATP as listed below:- 
 
 (a) Research, Development and Innovation 
  • Research and development, or education intensive, measured by 

the proportion of turnover generated at the ATP which is spent on 
these activities.  This is generally set at around 80%. 

  • The approach taken by the ATP to the allowable activities on the 
Park revolves around the definition of what constitutes R&D.  As 
with all our activities, our role is to be as flexible as we possibly 
can while maintaining our primary focus of developing a world 
class technology park.  As such we generally describe the various 
activities to encompass, but not necessarily be limited to the 
following:- 

 
  

Definitions 
 

  
Research: 

 
The invention of new products, services, or processes 

 Development: The refining of the invention, assessment of manufacturability, etc 
 Demonstration: Prototype development, scaling-up of production, limited scale commercial 

operation1 
 Commercialisation: Trial market testing, capitalisation of the business, development of marketing and 

distribution channels  
 Education: Development and delivery of specific secondary, graduate and post graduate 

courses 
 Training: Development and delivery of specific training programs 

 
   1 It should be noted that for some product categories 

there is little difference between pilot operations and 
full scale commercial production.  Such cases will be 
assessed on their individual merits. 

 
  • You must have a record of innovation, or a strong potential to 

establish such a record. 
 
 (b) ATP Universities (desirable but not mandatory) 
  • Existing relationship with one or more of the sponsoring 

universities, or a capacity and interest to build such a relationship. 
  • Technology focused on the Integrated Research Strengths of the 

participating universities or relevant to emerging technologies 
around which the sponsoring universities have expressed an intent 
to build expertise. 

 
 (c) ATP Citizenship 
  • Interest in and/or capability to participate in joint research and 

development projects with sponsoring universities and/or other 
park residents, or potential park residents. 

  • Interest in establishing linkages with other park residents; and in 
sharing non-proprietary, non-competitive information and 
resources with other park residents. 

  • Preparedness to contribute to an ATP operated data base of key 
issues, outcomes, personnel, and methodologies used to promote 
the tenant and the ATP nationally and internationally. 

  • Preparedness to participate in ATP sponsored functions wherein 
results of developments and dissemination of information across 
technology disciplines is the primary focus, intended for the park 
community. 



  • A preparedness to make use of park-provided services and facilities 
where appropriate, in order to generate a sense of community and 
cohesion within the park. 

  • Predisposition towards the use of Australian resources in 
manufacturing or human resource requirements. 

 
 (d) Environmental Sustainability 
  • Non-polluting, or demonstrated capacity to contain pollution and 

sympathy towards ecologically sound practices. 
  • A positive approach to, and support for energy management and 

conservation. 
 
 (e) Education 
  • Interest in shaping educational curriculum, and preparedness to 

participate in formal education skills based programs to promote 
technological involvement in industry. 

 
 (f) Marketing 
  • Willingness to credit the ATP where appropriate in written or other 

submissions to promote the ATP as a centre of pre-eminent 
development and research. 

  • Commitment to contribute in a meaningful way to a newsletter (in 
written, electronic, or other form) published by the ATP from time 
to time for local, national or international distribution. 

  • Interest in maintaining and enhancing the park's reputation and 
image. 

  • Interest in marketing the park, including welcoming park visitors 
(by appointment). 

  • Interest in facilitating the attraction of other organisations to the 
park, particularly those where a relationship already exists. 

  • Acceptance that "Australian Technology Park" will form part of 
the address of the tenant 

  
 (g) Occupational Health and Safety  

• All Stakeholders at the ATP must comply with the ATP 
management Policy on Occupational Health and Safety. 

 
(h) Environmental 

• All stakeholders are to comply with the ATP management policy 
on Environmental issues and not carry out any activities that would 
adversely impact on that policy or on the health and safety of other 
stakeholders and the local community. 

 



Imperial to metric Metric to Imperial
inch (in) millimetre (mm) 1=25.4 1=0.393701

foot (ft) centimetre (cm) or 
metre (m)  1=30.5cm 1cm= 0.393701          

1m=3.28084ft
yard (yd) metre (m) 1=0.9144 1=1.09
mile (m) kilometre (km) 1=1.61 1=0.621
ounce (oz) gram 1=28.3 1=0.353
pound (lb) kilogram 1=0.45359 1=2.20462
stone kiolgram 1=6.35 1=0.157
ton tonne 1=1.016 1=0.984

square inch (1in2)
square centemetre 
(cm2)

1=6.45 1=0.155

square foot square centemetre 
(cm2) 1=929 1=0.001076

square yard (yd2) square metre (m2) 1=0.836 1=1.196
acre hectare 1=0.405 1=2.47
square mile square kilometre 1=2.59 1=0.386

cubic inch (in3)
cubic centimetre 
(cm3) 

1=16.4 1=0.061

cubic foot (ft3) cubic metre (m3) 1=0.0283 1=35.3
cubic yd (yd3) cubic metre (m3) 1=0.765 1=1.31
bushel cubic metre (m3) 1=0.0364 1=27.5
fluid ounce (fl oz) milliletre (ml) 1=28.4 1=0.0352
pint (pt) litre (l) 1=0.568 1=1.76

gallon (gal) litre (l) or cubic 
metre 1=4.55litre 1 m3=220gal.

acre foot cubic metre (m3) or 
megalitre (Ml)

1=1230M3 0r       
1.23 Ml

1Ml=0.811 acre foot

Kilopascals 1=6.89 1=0.145
mm of Mercury 1=750.061 1=0.001333
inches of water 1=27.68 1=0.036127
atmospheres 1=0.06805 atm 1=14.69508

atmosphere (atm)
kilopascal (kpa) or 
mega pascals 
(mpa)

1=101kpa 1mpa=9.86923 atm

ton per in2 mega pascals 1=15.4 1=0.0647
1=33.9 mbar 1=0.0295

1mbar =100 Pa 1=0.001
1 mbar =0.0145038 

(psi) 1=68.9474

Temperature Fahrenheit Celsius oC oC=5/9(oF-32) oF=9oC/5 + 32
British Thermal 
Unit (Btu) Kilojoule (kJ) 1=1.06 1=0.948

Therm megajoule 1=106 0.00948
Electrical (kW) megajoule 1=3.60 0.27778

Energy

pounds per in2 

(psi).

inch (in) of mercury 
(inHg) millibar (mbar)

Pressure

IMPERIAL TO METRIC CONVERSION
Conversion Factors (approx.)Quantity Imperial Unit Metric Unit

Volume

Length

Mass

Area
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This was achieved by:-

•Article - The Australian Gas Journal Vol. 63 No1 April 1999.
•Article - The Australian Energy News Issue 6 Dec 1997.
•Article - The Australian Energy News Issue 6 Dec 1999.
•Article - The Australian Gas Light Co. Publication Issue 5 Summer 1998.
•Article – Integral Energy – staff publication.
•Article - Engineers Australia February 1999.
•Article - Ascent Technology Magazine November 1997.
•Article - Ascent Technology Magazine June 1999.
•Article – Business NSW November 5, 1999.
•Article – The Australian Newspaper July 14, 1998.
•Media Releases by ATP (3), Austa Energy (1) and NorthPower (1).
•Inclusion in the Australian Government “Greenhouse Challenge – Cool 
Solutions from Australian Business” publications as an example of ways to 
handle the Greenhouse issue.
•and NSW Governments on the ONSI Fuel Cell at the ATP.
•Exhibition in the Australian Parliament House on the ATP Fuel Cell 
installation. This exhibition incorporated material provided by ONSI.
•Prepared and produced for the Australian Gas Association Research Paper 
No.11. This publication is sold by the Association and covers all fuel cell 
technologies with a focus on the ONSI fuel cell at the ATP.
•Integral Energy and NorthPower issued a publication on the ATP fuel cell to 
their customers.
• Presentation to IE Aust Victorian Branch Joint Technical Meeting on Fuel 
Cells.
•3 Presentations at ESAA courses on the Fuel Cell. Brisbane, Sydney and 
Wollongong.
•Presentation to the Australian Gas Association Annual Conference, 
September 1999.
•Letters to the Australian

Recognition of Project & 
Consortium Recognition
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It seems only a short time ago that I made the trip to Sydney 
to meet with Brian Jay and Dr. Tom Forgan to discuss the 
possibility of this project and review the specifics of the site
and the application.  Recognizing that this would be the first 
commercial fuel cell project in Australia, and in the Southern 
Hemisphere as well, the attributes of this site and application 
were immediately obvious-- a technology park dedicated to 
the demonstration and implementation of new technologies 
benefiting Australian business. And a team of individuals 
committed to the project, spear-headed by Brian Jay.

In short, we believed this was an ideal opportunity, and 
today's celebration (first year’s operation function) is the 
proof.   By way of example, one criteria we often use is the 
completeness of the installation process prior to our arrival 
for pre-start check-out and initial start-up of the units.  This 
was one of the best, if not the best, prepared sites that our 
field technician had experienced…”

“Brian did a thorough job throughout the installation and 
start-up process, and continues to display his newly learned 
skills in the operation and maintenance of this power plant.  
We at ONSI appreciate his efforts in making this project a 
continuing success.”

“…(Brian). You have provided excellent service to the power 
plant and are well trained in that area. It would not seem 
prudent to ignore that experience and availability if the desire
is to maintain high power plant reliability and operability.”

ONSI Testimonies on ATP Project









Once the exclusive domain of NASA spaceships,
fuel cell technology has returned to earth –
providing efficient, low emission, ‘green’ energy to
Australia’s Technology Park (ATP) at Eveleigh in
Sydney.

The first of its kind in the southern hemisphere, the
fuel cell project has been jointly sponsored by
NorthPower and a consortium of high technology
industries.

Roughly the size of a railway shipping container and
able to supply energy to entire shopping centres and
factories, fuel cell technology has important
implications for the ongoing development of
environmentally friendly energy sources.

Operating almost in the same way as a household
battery, fuel cells do not have moving parts and
chemically convert natural gas into electricity and
heat.  Unlike batteries,  fuel cells do not run down
or require recharging.

As a result, fuel cells can dramatically decrease coal-
fired generation and oil usage, increase fuel use
efficiency, lower greenhouse gas emissions and
reduce operating costs at the same time as providing
immunity from disruption to grid-type energy
supply.

The ATP fuel cell produces 200 kilowatts (kW) of
electricity and up to 220kW of potential hot water
production. While carbon dioxide is a by-product of
the cell, its production rate is less than conventional
generation and the exhaust air is cleaner than that
of many major urban localities.

NASA used the technology to generate electricity
and heat aboard the space shuttle, facilitating wide-
ranging technical, environmental and financial
applications of fuel cell technology in the wider
community.

Not surprisingly, the ATP Fuel Cell has generated
considerable interest in Australia with development
moving from the experimental stage to production
technology.

NorthPower’s partners in the project include 
Austa Energy, AGL, Cables, Integral Energy, 
Dow Corning and Cutler-Hammer with support
from ATP participants – the University of NSW, 
the University of Sydney and the University 
of Technology.

Technical and operational specifications 
are provided overleaf.

Once the exclusive domain of NASA spaceships, fuel cell technology has
returned to earth — providing efficient, low emission, ‘green’ energy to
Australia’s Technology Park (ATP) at Everleigh in Sydney.

Australia’s Technology Park generates alternative energies

Call NorthPower’s 

Product Development Officer, 

Dennis Stanley on (02) 6582 8777.

Caption



The fuel cell concept

Basic fuel cell 
The basic fuel cell electrochemically

combines H2 and O2 to release electrical

power, heat and water.

Anode
H2 is introduced to the anode where it is

oxidised. 

2H2 ➺ 4H++4e
-

Electrolyte
Hydrogen ions transfer from the anode

through the electrolyte to the cathode.

Cathode
O2 is introduced to the cathode, where it

is reduced.

02+4H++4e
- ➺ 2H20+heat

The cathode releases water and heat.

The practical fuel cell
It is not practical or economical to use

pure hydrogen and oxygen in fuel cells.

Practical fuel cells derive their hydrogen

rich gases such as natural gas (methane

CH4) The oxygen is derived from air. The

only variation to the chemical reaction is

that natural gas is processed before use

in the fuel cell.

CH4+2H2O(steam) ➺ 4H2+CO2
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Technical and operational information

NorthPower is a leading Australian Energy provider committed

to ecologically sustainable development. As well as receiving

international certification of our Environmental Management

System, pinnacles of our success have included being named as

Best Electricity Operator in an international benchmarking

study,  an increased share of the national energy market, several

National Safety Council of Australia Safety Awards of Excellence and national

recognition at the 1999 Australian Quality Awards for Business Excellence.

For further information, contact 
NorthPower at PO Box 786, Port Macquarie, 2444. 

Telephone +61 2 6582 8656, Facsimile +61 2 6582 8662, 
internet www.northpower.com.au.
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